From diiodo Tröger's bases towards halogen-bonded porous organic crystalline materials by González, L. et al.
This is an Accepted Manuscript, which has been through the  
Royal Society of Chemistry peer review process and has been 
accepted for publication.
Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. We will replace this Accepted Manuscript with the edited 
and formatted Advance Article as soon as it is available.
You can find more information about Accepted Manuscripts in the 
author guidelines.
Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the ethical guidelines, outlined 
in our author and reviewer resource centre, still apply. In no 
event shall the Royal Society of Chemistry be held responsible 
for any errors or omissions in this Accepted Manuscript or any 
consequences arising from the use of any information it contains. 
Accepted Manuscript
rsc.li/crystengcomm
www.rsc.org/crystengcomm
 
CrystEngComm
HIGHLIGHT
Tiddo J. Mooibroek, Antonio Frontera et al.
Towards design strategies for anion–π interactions in crystal engineering
Volume 18 Number 1 7 January 2016 Pages 1–184
CrystEngComm
View Article Online
View Journal
This article can be cited before page numbers have been issued, to do this please use:  L. González, S.
Graus, R. M. Tejedor, P. López-Ram-de-Viu, J. Elguero, J. L. Serrano and S. Uriel Rubio, CrystEngComm,
2018, DOI: 10.1039/C8CE00557E.
Journal Name  
COMMUNICATION 
This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 1  
Please do not adjust margins 
Please do not adjust margins 
Received 00th January 20xx, 
Accepted 00th January 20xx 
DOI: 10.1039/x0xx00000x 
www.rsc.org/ 
From Diiodo Tröger’s Bases Towards Halogen-Bonded Porous 
Organic Crystalline Materials 
Lucía González,
a,b
 Sara Graus,
c
 Rosa María Tejedor,
d
 Pilar López,
a
 José Elguero, 
e
 José Luis 
Serrano,
a,f
 Santiago Uriel.
g*
Racemic 2,8-diiodo-6H,12H-5,11-methanodibenzodiazocine (rac-1) 
and racemic 2,8-diiodoethynyl-6H,12H-5,11-methano-
dibenzodiazocine (rac-2) proved to be self-complementary tectons 
that are particularly suitable for the formation of porous 
supramolecular structures by halogen bonding. Crystals structures 
of clathrate rac-1·CH2Cl2 and rac-2 show channels, which represent 
20% of the cell volume, and these are stabilized by strong C−I···N 
and C−I···π(Ar) halogen bonds.  
One of the most important challenges in materials science is to 
obtain well-defined supramolecular topologies in order to 
optimize the physical properties inherent in these structures.1,2 
Nevertheless, due to the weak intermolecular interactions 
involved in supramolecular chemistry it is very difficult to 
predict a priori the macroscopic orientation that will be 
obtained. This situation is particularly acute in the case of 
crystal engineering because almost insignificant changes in the 
molecule can lead to the formation of very different crystal 
structures.3,4 
The synthesis and characterisation of porous materials have 
become a hot research area in materials science and 
particularly in crystal engineering.5,6 In this context, porous 
organic crystalline materials (POCM’s), which have lower 
densities than the porous materials such as zeolites and metal-
organic frameworks (MOFs), have attracted increased research 
interest in recent years.7,8,9,10 In this line of research the 
geometry of the molecules involved and the interactions 
promoted by their active groups play a fundamental role in 
defining the crystal structure obtained.14 In this respect, one 
structure that is of particular interest is Tröger’s base (TB) 
because its almost 90º angular geometry and rigid 
conformation are especially suited to form different types of 
polygonal structures that can contain a cavity.13,14 Indeed, 
organic nanoporous polymers containing bicovalently bonded 
Tröger’s base in the network with a high BET surface15,16,17,18 
have been described. Furthermore, in recent years the halogen 
bonding interaction has proven to be particularly useful in 
supramolecular chemistry.19,20 More specifically, a number of 
POCM’s based on halogen bonding have been described.21,22  
We describe here the combination of Tröger’s base analogues 
and halogen bonding to obtain porous crystalline materials 
that exploit the geometry and self-complementarity of diiodo-
Tröger’s base derivatives. We selected racemic 2,8-diiodo-
6H,12H-5,11-methanodibenzo-diazocine (rac-1) and racemic 
2,8-diiodoethynyl-6H,12H-5,11-methanodibenzodiazocine 
(rac-2) (See Chart 1) as key materials.  
 
The electron density map of diiodo Tröger's base analogues 
shows two electron density donor groups (nitrogen atoms) and 
two electron density acceptors (iodine atoms) with a pseudo-
tetrahedral distribution that gives rise to heterotopic AX2Y2 
tectons (Figure 1). To date, only two crystal structures have 
been described for these tecton types that can bind through 
halogen bonds with a tetrahedral arrangement of functional 
groups, namely 4,4-dinitro-4',4"-diodotetraphenylmethane23 
and the 5S,11S enantiomer of a 2,8-diiodo Tröger's base 
derivative.24 In fact the crystal structure of the latter 
compound, described by Wärnmark and coll., contains 
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channels, in which the solvent is located, formed by C–I···π(Ar) 
halogen bonding.  
We decided to use racemic mixtures to synthesize rac-2 
because in the crystal structures of iodo Tröger´s base 
derivatives formed by a single enantiomer, as reported in the 
Cambridge Structure Database, the acceptor in the halogen 
bonding is the electron density of the aromatic rings.24,25 In 
contrast, in derivatives that contain the pair of enantiomers it 
is the nitrogen atoms that act as halogen bonding acceptors.26 
Compound rac-2 was prepared in an effort to increase the 
magnitude of the iodine σ-hole. The Vs,max of rac-2 is 23.5 
kcal/mol, as shown in Figure 1, and this is significantly higher 
than that of rac-1 (10.8 kcal/mol) and similar to those of 
strong XB donors such as 1,4-bis(iodoethynyl)benzene (25.2 
kcal/mol) and 1,4-diiodo-tetrafluorobenzene (25.9 kcal/mol). 
The electrostatic potential values for iodine atoms in rac-1 and 
rac-2 indicate that the hybridization of the carbon atom 
adjacent to the halogen bonded atom has a marked influence 
on the maximum value of the electrostatic potential. 
Moreover, assuming that most conventional halogen bonding 
interactions are dominated by electrostatic factors, the most 
effective XB-donor with a suitable XB-acceptor should lead to 
more favorable halogen bonding, i.e., the contribution of the 
Lewis base to σ-hole bonding is usually significant. Thus, rac-2 
combines the most effective XB-donor and the most effective 
XB-acceptor (Vs,min = –19.6 kcal/mol) of the two molecules 
studied here.27 In addition, the rigid extended linear nature of 
the iodoethynyl group improve iodine accessibility, which 
makes the iodoethynyl group very useful in crystal 
engineering. Although haloalkynes have a well-established role 
in synthetic organic chemistry,28 their application in 
supramolecular chemistry is less well developed despite their 
long history.29,30,31  
Crystals of clathrate rac-1·CH2Cl2 were obtained by 
crystallization of rac-1 from a dichloromethane solution. This 
clathrate crystallizes in the orthorhombic system and was 
solved in the non-centrosymmetric Iba2 space group. The 
asymmetric unit has two rac-1 (lying about twofold axes), and 
a dichloromethane molecule in a general position. The 
supramolecular arrangement is determined by the halogen 
bonds C(1)–I(1)···N(2a) (3.13 Å 172.4o) and C(10)–I(2)···N(1b) 
(3.22 Å 159.3o) (See Table S2 in the Supporting Information). 
The halogen bonding distances are 11 and 9% shorter than the 
sum of the van der Waals radii of N and I (3.53 Å). The 
interaction energies of optimized rac-1·CH2Cl2 dimers 
corrected for the Basis Set Superposition Error (∆EBSSE) were 
determined to be –6.89 and –6.78 kcal/mol (halogen bonded 
dimers, the interaction energy and key geometric parameters 
are gathered in Tables S4 and S5 in the Supporting 
Information). Each 2,8-diiodo TB molecule acts as a 
heterotopic tetradentate building block surrounded by four 
molecules in a distorted tetrahedral environment (Figure 2(a), 
which gives rise to a diamond-like network. Overall the 
structure has two interpenetrated diamondoid nets (red and 
green in Figure 2(b)) to form channels along the c axis, with 
dichloromethane molecules located within these channels. 
Each of these virtual channels, regardless of the presence of 
dichloromethane, has a volume of 209 Å3 per unit cell, which 
represents 23.7% of the cell volume. The structure can also be 
described (Figure 3) as channels formed by a pseudo-helical 
arrangement of the two enantiomers through halogen bonds. 
Crystals of rac-1·CH2Cl2 lose crystallinity quickly when they are 
removed from their mother liquor. This evolution could be due 
to the inherent instability of clathrates with a diamond-like 
structure and to the weakness, in this case, of halogen bonds. 
This weakness is manifested in the small reduction in the C–
I···N distance with respect to the sum of the VdW radii (ca. 
10%) and is due to the small magnitude of the σ-hole.32 
 
Figure 2. Crystal structure of solvate rac-1·CH2Cl2. (a) Adamantanoid 
arrangement and interpenetrated diamond networks (b). 
 
Figure 3. Crystal structure of solvate rac-1·CH2Cl2. (a) Channel along the c axis 
with CH2Cl2 molecules. (b) View of channels in which solvent molecules have 
been omitted. 
 
Figure 1. Computed electrostatic potentials of the minimized geometries of 
rac-1 (left) and rac-2 (right). Potentials are mapped on the respective 
electron density isosurfaces (0.002 a.u.). Electrostatic potential values range 
from –0.04 (red) to 0.04 (blue). 
(a) (b) 
(a) (b) 
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The XRD pattern of rac-1·CH2Cl2 crystals taken from the 
mother liquor resembles the calculated powder diffractogram 
of the more compact structure rac-1 (Figure S1). Condensed 
phases of rac-1 and of enantiomerically pure (5S,11S)-1 were 
successfully crystallized from toluene solutions. Although rac-1 
and (5S,11S)-1 crystallized in monoclinic and triclinic systems, 
respectively, both structures have two independent molecules 
in their asymmetric units and their supramolecular 
organizations show some similarities. In both cases the 
molecules stack along the a axis. In rac-1 the stacks are formed 
by two interdigitated homochiral strings rotated with respect 
to one another by 45.6° [Figure 4(a)] while in (5S,11S)-1 the 
stacks are formed by face-to-face offset dimers, in which the 
molecules are rotated by 102.8o relative to one another 
(Figure 4(b)). 
The supramolecular arrangement of rac-1 is formed by ac 
planes. On the surface of these planes are iodine atoms I(1) 
and I(3), which do not interact, and this isolates the planes 
from each other along the b axis (Figure 5(a)). Moreover, I(4) 
and I(2) act as XB donors in C–I(4)···I(2) (3.86 Å, 173o) and C–
I(2)···N(11) (3.16 Å, 163o) interactions. Accordingly, I(2) acts as 
a halogen bonding donor and acceptor, as depicted in Figure 
5(b). 
The stacks in (5S,11S)-1 are connected along the b axis by 
halogen···halogen C–I···I (3.88 Å, 162.4o) halogen bonding. It 
should be noted that both the rac-1 and (5S, 
11S)-1 structures contain C– I···I halogen bonds. 
These are the first examples of such interactions in 
Tröger’s base derivatives and they highlight the versatility of 
halogen bonding to form novel supramolecular 
organizations. Additionally, the intermolecular 
contacts in rac-1·CH2Cl2, rac-1 and (5S,11S)-1 crystal structures 
were analyzed by Hirshfeld surfaces (Figures S2 and S3).  
In an effort to overcome the instability observed in the rac-
1·CH2Cl2 structure, we synthesized rac-2 from rac-1 in two 
steps. The first step was a Sonogashira coupling with 
trimethylsilylacetylene33,34 and the second involved treatment 
with N-iodosuccinimide and silver nitrate in 
dimethylformamide. 
The crystal structure of rac-2 was solved in the monoclinic 
P21/c space group and its asymmetric unit consists of one 
molecule in a general position. The first consequence of the 
introduction of iodoethynyl groups is an increase in the 
distance between the iodine atoms, which changes from about 
10 Å in rac-1 to 13.3 Å in rac-2. The second consequence is 
that the halogen bonding distance C–I···N (2.80 Å) is shorter 
than in the structures of rac-1·CH2Cl2 (3.13 and 3.22 Å) and 
rac-1 (3.16 Å). This difference is due to the higher electron-
withdrawing effect of sp iodo-carbon hybridization and the 
lower temperature employed in data collection. The rac-2 
supramolecular organization can be described starting from 
racemic dimers formed by two C–I···π(Ar) (3.474 Å) halogen 
bonds [Figure 6(a)]. Similar dimers have been described in 2,8-
dibromo Tröger's base structure with C–Br···π(Ar) (3.488 Å) 
halogen bondings.35 The C–I···π(Ar) dimers interact by Csp–I···N 
halogen bonds (2.80 Å, 172.7o), which result in planar 
distorted hexagonal net with a distance between opposite 
sides of 15 and 19 Å. [Figure 6(b)]. The stabilization energies of 
the C–I···π(Ar) and Csp–I···N halogen bonds were calculated as –
15.77 (per dimer) and –8.95 kcal/mol, respectively (Figure S4 
and Tables S4 to S6 in the Supporting Information). 
 
Figure 4. Detail of the stacks along the a axis in the rac-1 and (5S, 11S)-1 
crystal structures. 
 
Figure 6. Crystal structure of rac-2: (a) Halogen bonded dimer; (b) planes 
formed by dimers through C–I···N halogen bonding. 
 
Figure 5. (a) Halogen bond network in the crystal structure rac-1, (b) Detail of 
C−I···I and C−I···N halogen bonds in rac-1. 
(a) 
(b) 
(a) 
(a) (b) 
I(4) 
I(2) 
I(3) 
I(2) 
I(3) 
I(1) 
I(4) 
N(11) 
(b) 
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The planes, which are related by a center of inversion, are 
assembled by weak Csp3–H···π(alk) hydrogen bonding (Table S3 
in the Supporting Information) and π···π stacking between 
dimers [Figure 7(a)]. These two-dimensional aggregates are 
stacked, which leads to channels along the c axis that 
represent 20% (417.51 Å3) of the unit cell volume, 
[Figure 7(b)]. Residual electron density peaks observed inside 
the channels were refined as 0.4 molecules of 
dichloromethane per 2,8-diiodoethynyl Tröger’s base molecule 
as a rigid group that pivots around one of the chlorine atoms. 
In summary, we have demonstrated that diiodo Tröger’s base 
derivatives rac-1 and rac-2 are chiral tetraheterotopic self-
complementary building blocks that are suitable to obtain 
porous organic crystalline materials. The versatility of halogen 
bonding to obtain novel supramolecular organizations has also 
been exemplified. Thus, we obtained an unstable porous 
diamondoid-type structure, based on C–I···N halogen bonds, 
on crystallizing rac-1 from a dichloromethane solution. The 
instability was overcome by replacing the iodine atoms with 
iodo-ethynyl groups. These groups form strong halogen bonds, 
improve iodine accessibility and increase the Tröger's base 
cleft. The crystal structure of rac-2 shows channels that 
represent 20% of the cell volume.  
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